SUMMARY Sensitive and highly specific radioimmunoprecipitation and gel electrophoresisfluorography were used to monitor the serum IgG response of experimentally infected rabbits against key protein antigens of Treponema pallidum. The sera from six rabbits challenged intradermally (ID) and six intratesticularly (IT) with Tpallidum were examined over a period of four months. A specific antibody response to most treponemal surface proteins (including those ligands implicated as mediating host-cell-surface adherence) developed by about day 20 after inoculation. Maximum antibody concentrations against most of these immunogens were detected by day 50 in all animals irrespective of the route of inoculation. Differences as well as similarities in the IgG response to infection were observed among selected rabbits. Furthermore, the antibody reactivity of each animal was comparable to that of human sera from patients with secondary syphilis. Antibody directed against treponemal outer envelope proteins was detected by preferential agglutination of washed radiolabelled organisms with protein A-bearing Staphylococcus aureus in the presence of syphilitic rabbit sera.
Introduction
Although evidence supports an important role for humoral immunity in acquired resistance to syphilis,'-" no protective treponemal immunogens have been identified. Information correlating host protection with the appearance of antibody directed against specific Treponema pallidum antigens would be helpful in understanding the progression of the disease and host susceptibility to infection.
Because of the complex interrelationship between virulent treponemes and host cells'2-'7 and the continuing difficulties in cultivating the pathogen in vitro, alternative methods are necessary for identifying critical treponemal components concerned in the pathogenesis of the disease. Recently, we demonstrated the usefulness of immunoprecipitation techniques for investigating treponemal surface ligands. '3 18 We assessed the complicated molecules'9 and monitored the reactivity of convalescent human syphilitic serum with radiolabelled T pallidum proteins. '3 In this paper we analyse the kinetics of the IgG response to treponemal infection in the rabbit and characterise proteinaceous immunogens of Tpallidum in relation to the development of experimental syphilis.
Materials and methods

BACTERIA
The Nichols strain of Tpallidum was obtained from the Center for Disease Control, Atlanta, Georgia. Treponemes used in this study were freshly extracted from infected rabbit testes at peak orchitis and separated from host cellular contamination. '9 20 Motile freshly extracted treponemes were injected intradermally (ID) at duplicate sites on the shaved back of six rabbits in 0 1-ml volumes of graded doses containing 4 
IgG against protein 1, as well as against several other T pallidum proteins, were detected in both rabbits challenged IT. These data are from selected individual rabbits injected intradermally and intratesticularly. Sera from additional rabbits examined under similar conditions had protein profiles similar to those shown in fig 1. 
CORRELATION OF LESION DEVELOPMENT AND RIP PROFILES
Because the degree and nature of lesion development are used as criteria in vaccine studies as well as for evidence of host immune mechanisms in syphilis, we attempted to correlate the development of lesions in the representative rabbits infected ID with the appropriate fluorograms. The lesions of rabbit A were less raised and somwhat flatter, and the margins not well defined, compared with those of rabbit B. The extent of the lesions in rabbit A never equalled that of rabbit B, in which caseous centres continued to erode producing the common crusted craters observed before regression of the lesions. These observations correspond directly with the fluorograms (fig 1; A and B) . The more vigorous lesions in rabbit B were accompanied by a more pronounced antibody response compared with the protein profiles obtained from the sera of rabbit A (fig 1; A and B) .
ANTIBODY RESPONSES AT LATER STAGES OF INFECTION
The extended nature of the antibody response to experimental syphilis in rabbits is shown in fig 2. Maximum reactivity of RSS with radiolabelled treponemal antigens occurred around day 40 for IDinoculated rabbits (A and B) and day 48 for ITinoculated rabbits (C and D) (fig 2) . When the fluorograms of rabbits A and B are compared with those of rabbits C and D substantial differences in the kinetics of the antibody pattern against higher molecular-weight treponemal antigens are evident; a slower but more extensive humoral response to these antigens occurred after IT challenge (fig 2) (fig 3) . The fluorogram at the 1/1000 dilution indicates that several proteins, including 1, 2, and 3, were highly antigenic. IT challenge (rabbits B1 and B2) yielded higher concentrations of antibody than ID challenge (rabbits Al and A2), based on spectrophotometric scanning and quantification of the fluorogram ( fig  3) . Additional experimentation, however, is required to correlate antigen load with antibody titre.
Finally, analysis of human syphilitic sera obtained during the secondary stage of infection (fig 3; C) resembled the profiles of both ID-infected and ITinfected rabbits. Heat-inactivation of each test serum did not alter the RIP profiles.
INTERACTION OF ANTITREPONEMAL ANTIBODIES WITH INTACT TREPONEMES
To determine the function of specific antibody in relation to the development of disease, we examined the reactivity of intact treponemes with the various test sera. Protein A-bearing Staph aureus was added to washed intact radiolabelled Tpallidum which had been exposed to RSS antibody. Figure 4 shows agglutination of treponemes with the rabbit test sera and illustrates the considerable reactivity obtained for each serum irrespective of the route of inoculation. The increase in the extent of agglutination was directly related to raised antibody titres (figs I and 2), which is also consistent with the presence of high concentrations of specific antibody against the surface proteins of Tpallidum. 18 
Discussion
In this study radioimmunoprecipitation and gel electrophoresis-fluorography were combined to examine the kinetics of the host antibody response to specific T pallidum antigens. A pronounced IgG response to numerous treponemal proteins, including proteins 1, 2, and 3, was detected. The latter reside on the outer envelope of T pallidum'8 and are The presence of IgG against treponemal surface proteins was examined by Staph aureus-mediated agglutination of intact treponemes pretreated with test sera (fig 4) . Although these data indicate that antibodies against key components such as trepo- 
